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@ An oximeter includes a probe TOO having LEDS 101,1 02, 
for transmitting light of at least two different wavelengths and 
a photo-sensing diode 1 03 for transducing the light from the 
LEDS 101, 102 into signals. Means is provided for producing 
a plurality of signals comprising DC and AC component signals 
corresponding to the attenuation of the transmitted light at the 
different wavelengths. Data processing means is provided 
which is responsive to the signals for determining the oxygen 
saturation SaC>2 through the medium e.g. blood containing tis- 
sue through which the light is transmitted. 
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TITLE OF THE INVENTION 
OXIMETER 



This invention relates to oximeters, and is particularly 
directed to an oximeter of the type including a probe for 
transmitting light of two different frequencies to a photosensing 
diode, by way of living tissue, in order to ascertain the oxygen 
saturation of blood in the tissue. 

An oximeter of this type is disclosed in U.S. Patent No. 
4,407,2 90, to Wilber, assigned to the assignee of the present 
application. 

The Wilber patent discloses various algorithms employed in the 
determination of oxygen saturation in an oximeter of the above type. 
In the system specifically disclosed in the Wilber patent, however, a 
normalization procedure is effected by the provision of a hardware 
feedback of signals. 

The present invention is directed to an oximeter of the type 
generally disclosed in the Wilber patent. Although the invention 
employs the algorithms disclosed in the Wilber patent, it does not 
provide a hardware feedback for normalization. Thus, in accordance 
with the invention, the algorithms disclosed by Wilber are solved by 
software. The arrangement of the present invention thus enables the 
adaptation of the equipment to variations in the parameters of the 
system. Further, in accordance with the invention novel displays are 
provided which enhance the utility of the equipment, by providing an 
indication of perfusion and plethysmography display for the 
determination of the likelihood of invalid data. 
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Further, the sampling of signals is synchronized with the AC 
power frequency in order to avoid power frequency inter ference, means 
being provided to determine the frequency employed and to control the 
timing circuit in accordance therewith. 

According to one aspect of the present invention an oximeter 
including probe means having light-emitting means for transmitting 
light of at least two different wavelengths through blood-containing 
tissue, sensing means for transducing said transmitted light into 
signals , means for producing a plurality of signals corresponding to 
the attenuation of said transmitted light at the different 
wavelengths, said plurality of signals comprising DC and AC component 
signals, and data processing means responsive to said signals for 
determining the oxygen saturation SaC> 2 in said tissue is, 
characterised in that said oximeter further comprises variable drive 
control means for controlling said light-emitting means to optimize 
analog-to digital conversion and assure sufficient light emission, 
said signal-producing means comprising variable gain amplifier means 
for applying said signals to said data processing means, and said 
data processing means comprising means for controlling the gain of 
said variable gain amplifier means and means for normalizing said AC 
signals developed from each of said different wavelengths by 
computing the ratio of said AC signal amplitude at a predetermined 
phase angle to said DC signal amplitude for each wavelength. 

According to a further aspect of the present invention an 
oximeter including probe means having means for transmitting light of 
at least two different wavelengths through blood-containing tissue, 
sensing means for transducing said transmitted light into signals, 
means for producing a plurality of signals corresponding to the 
attenuation of said transmitted light at the different wavelengths, 
data processing means responsive to said signals for determining the 
oxygen saturation SaQ 2 of blood in said tissue, and a power supply 
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for said oximeter adapted to convert power at a power supply 
frequency; is characterised in that said means for producing a 
plurality of signals comprises means for sampling said signals at a 
sampling frequency and means for adjusting said sampling frequency to 
maintain an integer ratio between said power supply frequency and 
said sampling frequency such that sampling occurs at a substantially 
constant phase angle within the power supply waveform. 

According to yet a further aspect of the present invention an 
oximeter including means for transmitting light of at least two 
different wavelengths through blood-containing tissue, sensing means 
for transducing said transmitted light of said different wavelengths 
into signals, means for producing a plurality of signals 
corresponding to the attenuation of said transmitted light at the 
different wavelengths, data processing means responsive to said 
signals for determining the oxygen saturation level SaO of blood in 
said tissue, and display means for displaying said oxygen saturation 
level; is characterised in that said display means further comprises 
a matrix display, said data processing means comprising means for 
applying signals to said matrix display for displaying a 
plethysmography waveform. 

An embodiment of the invention will now be described by way of 
example with reference to the Figures of the accompanying 
diagrammatic drawings in which 

Pig. 1 is a block diagram of an analog portion of an oximeter in 
accordance with the invention; 

Pig. 2 is a circuit diagram of a timing circuit for the analog 
circuit of Fig. 1; 

Fig. 3 is a block diagram of a digital control circuit for the 
oximeter; 

Pig. 4 is a circuit diagram of the AC power frequency detector 
for use in the system of the invention; 
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Fig. 5 is a block diagram of the display in accordance with a 
preferred embodiment of the invention? 

Fig. 6 is a circuit diagram of a variable pitch alarm circuit in 
accordance with the invention? 

Fig. 7 is a circuit diagram of a visual alarm for the system; 

Fig. 8 is a plan view of the panel of an oximeter in accordance 
with the invention. 

Referring now to the drawings. Fig. 1 generally illustrates the 
analog portions of an oximeter in accordance with the invention. The 
probe 100 is comprised of a red LED 101 r an infra-red LED 102, and 
photo-sensing diode 103 adapted to receive light from the red and 
infra-red LEDs 101 , 102. In addition, the probe 100 includes a 
resistor 104 having a resistance arbitrarily corresponding to the 
characteristics of the probe, a heater 105 such as a resistive heater 
for heating the probe to a constant temperature, and a 
termperature-sensing element 106 for sensing the temperature of the 
probe. 

The signal output of the photo-sensing diode 103, corresponding 
to light received from the red and infra-red LEDs 101, 102, as well 
as ambient light, is applied to a low-noise amplifier 150. These 
signals may thus have a DC level which is dependent upon the ambient 
light and the light absorbed by the blood in the tissue being 
sampled, and an AC component corresponding to variations in density 
resulting from arteriole blood pulsations. The signal output of the 
low-noise amplifier 150 is applied to a variable gain amplifier 152 
by way of a multiplexer 154 and series capacitor 156. The gain of 
the amplifier 152 may be controlled by multiplexer 158 connected to 
selectively apply different input resistors 160 to the amplifier, the 
multiplexer being in turn controlled by control lines 162, to which 
digital control signals are applied from the digital portion of the 
system as will be discussed with reference to Fig. 3. 
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The multiplexer 154 is adapted also to apply selectively test signals 
to the variable gain amplifier 152 from a 3 Hz sine wave generator 
164 , for simulating input signals to test the apparatus. The 
multiplexer 154 is controlled by the timing circuit of Pig. 2, the 
control signals thereof being applied to the control lines 166 of the 
multiplexer 154. The output of the amplifier 152 , which still 
contains AC and DC components, is applied via the switched low-pass 
filter 151 to multiplexers 172 , 174 and 176, the inputs of the 
multiplexer 172 including capacitors 178 and 17 9 and resistor 180 , 
and the inputs of the multiplexers 174 and 176 further including a 
resistor 181. The multiplexers 172 , 174 and 176 are controlled by 
output timing signals of the timing circuit of Fig. 2. A further 
multiplexer 182, also controlled by the timing circuit of Pig. 2, 
selectively grounds the input of the amplifier 152 and the output of 
the capacitor 156, in order to determine the ambient light 
component. Thus, when the input of the amplifier 152 is shorted to 
ground, in the absence of energization of the LEDs 101, 102, the 
capacitor 156 is charged to a level corresponding to received ambient 
light. 

The output of the multiplexer 172, which corresponds to the AC 
component of the signal, is applied to a variable gain amplifier 190, 
this signal then being applied to a demultiplexer 192 controlled by 
the timing circuit of Pig. 2. The output of the demultiplexer 192 
has two identical channels 194, 196 each including a third-order 
low-pass f ilter 198 and a sample-and-hold circuit 200. The outputs 
of the sample-and-hold circuits are applied as separate inputs to a 
multiplexer 202. The sample-and-hold circuits are controlled by a 
further timing signal from the timing circuit of Pig. 2. The 
demultiplexer 192 is controlled to pass signals to the channel 194 
only during times that the red LED 101 is energized, and to pass 
signals to the channel 196 only during times that the infra-red LED 
102 is energized. 
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The gain of the amplifier 190 is controlled by a multiplexer 210 



resistance to the input of the amplifier 190 , the multiplexer 210 
being controlled by digital control signals applied to the control 
lines 214 from the digital portion of the system, as will be 
discussed in the following paragraphs. It is to be noted that the 
variable gain amplifier 190 controls only the AC signals, while the 
variable gain amplifier 152 controls the amplitude of all signals. 
Accordingly, the relative levels of the DC and AC signals can be 
controlled by controlling the multiplexer 158 to achieve the desired 
DC gain and controlling the multiplexer 210 to achieve the desired AC 
gain. 

The multiplexers 174 and 176 are controlled by the timing 
circuit of Pig. 2 to provide outputs only during the energization of^ 
the red and infra-red LEDs 101 , 102 respectively, these outputs being 
smoothed by output capacitors 220 , 222 respectively, and applied as 
separate inputs to the multiplexer 202 by way of buffers 224, 226 
respectively . 

The red and infra-red LEDs 101, 102 are driven by transistor 
drive amplifiers 250, 252 respectively, these transistor amplifiers 
being controlled by the output of red and infra-red digital-to-analog 
converters 254, 256 respectively. Data input signals from the 
digital portion of the circuit shown in Fig. 3 are applied to the 
digital-to-analog circuits 254, 256, in order to enable control of 
the timing and amplitude of the drive signals from the transistor 
amplifiers. Accordingly, the digital control circuit determines the 
timing and intensity of the energization of the red and infra-red 
I«EDs. The outputs of the transistor amplifiers 250, 252 are also 
applied to demultiplexers 260, 262, respectively, which are also 
controlled by the timing circuit of Fig. 2. The outputs of the 
demultiplexers 260, 262, in addition to being controlled by the 
timing circuit, are also selectively applied to the multiplexer 202 
by way of different valued resistors. 



connected to selectively connect input resistors 212 of different 
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The resistor 104 of the probe is also connected to the 
multiplexer 202 by way a buffer amplifier 270, in order to enable the 
application of a signal to the system corresponding to the value of 
the resistor, and hence the characteristics of the probe, so that the 
program invoked by the system may correspond to the probe in use. 

The analog circuit of Fig. 1 further includes a heater control 
circuit 290, responsive to the output of the temperature sensing 
element 106 for controlling the current applied to the heater 105, to 
maintain the temperature of the probe constant, for example, at 
40°C. 

The multiplexer 202 is controlled by the digital circuitry, by 
way of control lines 2 92. The selected output of the multiplexer 202 
is applied to a buffer 294, and then to analog-to-digital converter 
2 96, for example, a 12 -bit analog- to-digital converter, for producing 
digital signals for application to the digital circuit of the system 
as illustrated in Fig. 3. 

tn the timing circuit of Fig. 2, the system clock having a 
frequency of 3.6864 MHz is applied to a divider circuit comprised of 
dividers 300 and 302, the multiplexer 304 and binary counter-divider 
306, to produce sequential addressing signals for addressing ROM 
308. The data outputs of the ROM 308 are applied to an octal D-type 
flip-flop 310 to latch the control signals A— F as employed in the 
circuit of Fig. 1. The system of Fig. 2 further produces the 
WCLK, datval, and NVI signals for application to the digital 
circuit. In addition, the timing of the circuit of Fig. 2 is 
controlled by a FREQOUT signal applied to the multiplexer 304, to 
control the timing as a function of the power supply frequency as 
will be .discussed. It is of course apparent that other timing 
control circuits may be alternatively employed, the system of Fig. 2 
providing the advantage that the tiniing may be readily modified as 
desired in accordance with the programming of the ROM 208. 
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The digital control portion of the system of the invention is 
illustrated in the block diagram of Fig, 3, wherein the Z8002 
microprocessor 400 is controlled in a conventional manner by the 
clock circuit 402. The address outputs of the microprocessor are 
latched by the address latches 404 , to address ROMs 406 and 40 8 , RAMs 
410 and 412 , and decoders 414 and 416. The data lines of the 
microprocessor system are connected to the above-noted ROMs and RAMs, 
as well as to a DART 420 , latches 422 , 424 , and 426 , and 
digital-to-analog converters 428 and 430. The output of the 12-bit 
analog- to-digitai converter 2 96 of Pig. 1 is also applied to the data 
bus, and the data bus signals are applied to the digital-to-analog 
converters 254 and 256. The data bus is further connected to the 
display panel. 

The DART 420 is employed to enable serial communication between 
the oximeter and external devices, such as displays, recorders, etc. 
and for this purpose the UART may be connected to any conventional 
serial interface 440. The DART clock 442, which may be comprised of 
dividers, is synchronized by the 3.6864 MHz system clock. The latch 
422 is connected to a switch input circuit 450, comprised of a 
plurality of control switches on the display panel, in order to 
enable control of various parameters of the system. Various other 
system signals are applied to the latch 422 as illustrated in the 
Pigure. The latch 424 is connected to a power supply status circuit 
452, in order to enable the microprocessor to determine various power 
supply conditions, such as low voltage, etc. The decoder 414 
provides various addressed control signals for the display panel as 
well as for the audio circuit, and for clocking the latches 426. The 
decoder 416 provides the addressed enable signals for the ROMs and 
RAMs. 

The latches 426 provide the control signals for the gain control 
multiplexers 158 and 210 of the analog circuit, as well as the 
control signals for the audio channel and the test signal for 
controlling the multiplexer 154. 
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In accordance with one feature of the invention, a circuit as 
illustrated in Fig. 4 is provided in order to detect the frequency of 
the power source (e.g. either 50 or 60 Hz), in order to enable 
determined functions of the system to occur only in synchronization 
with the power frequency, thereby minimizing interference at the 
power frequency. For this purpose, a Schmitt trigger 500 is 
connected to receive a low voltage signal at the power frequency 
(e.g. a low voltage in the conventional power supply circuit). The 
output of the Schmitt trigger 500 is synchronized to the system clock 
by circuit 502, the output of the circuit 502 being connected to a 
ripple carry divider 504. The system clock of 3.6864 MHz is applied 
to the clock terminal of the divider 504, one output of the divider 
504 being applied to the enable terminal of counter 506. Two outputs 
of the counter 506, at terminals 508 and 50 9, have levels dependent 
upon the frequency of the power source. These outputs terminals are 
applied as inputs to the microprocessor, which in turn controls an 
output to the multiplexer 304 of the timing circuit (Fig. 2), in 
order to ensure the proper timing (e.g., of the sample-and-hold 
control) in dependence upon the power line frequency. 

The system in accordance with the invention is further provided 
with a number of displays, as illustrated in Fig. 5. The system thus 
is provided with an alphanumeric display 550 having, e.g., 18 digits, 
6 large digits and 12 smaller digits, the signals for energizing the 
display 550 being derived serially from the data line DO applied to 
conventional LCD drivers 552, e.g. two 10*1/2 digit drivers of type 
XCH7232B. The control signals for these drivers are obtained, e.g., 
from the output of the selectors of the digital control circuit. 

The display in accordance with the invention is further 
comprised of a graphic display in the form of an LCD matrix display 
554, e.g., of type LM51B32G120DB. The graphic display 554 is 
controlled by controller 556, e.g., of type LM1001GC, which receives 
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the data signals D0-D7 as well as various further control signals r as 
indicated, from the digital control circuit above discussed. The 
graphic display, as will be disclosed in greater detail in the 
following paragraphs, enables the display of various data obtained 
from the oximeter signals. 

The display panel further comprises a light bar display 560 
connected to be actuated in the event of an alarm. 

It has been found that variations of pitch of an alarm signal 
provide advantageous results in the operation of the oximeter, and 
for this purpose a variable pitch alarm circuit has been provided as 
illustrated in Pig. 6. In this arrangement the data signals D0-D7 of 
the digital control circuit are applied to a digital-to-analog 
converter 600 to form an analog signal of the desired frequency 
corresponding to oxygen saturation. This signal is supplied as an 
input to multiplexer 610, the multiplexer being controlled to insert 
determined resistors 620 in series with the signal before it is 
applied to the output amplifier 630. The multiplexer 610 is 
controlled by a counter circuit 640 which sequences the outputs of 
the multiplexer to provide a varied amplitude output. The alarm 
signal applied to the speaker (not shown) may hence be controlled in 
pitch and amplitude in accordance with the program of the 
microprocessor • 

Various other alarms may be provided for the system, such as the 
visual alarm as illustrated in Fig. 7 which is controlled by the 
alarm signal. 

One embodiment of a display panel for an oximeter, in accordance 
with the invention, is illustrated in Fig. 8. this display panel 
incorporates the alphanumeric display 550 and the 
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graphic display panel 554. In addition, a number of switches 900, 



to the switch inputs 450 of the digital control circuit of Pig. 3. 
Of these switches, the switches 900, 902, 904 and 906 may constitute 
double switches, in order that signals representing two different 
conditions can be sent to the microprocessor. As discussed above, 
the outputs of these switches are coupled to the latch 422 of Fig. 3, 
to enable the microprocessor to test the conditions of the signals at 
determined times and to make the appropriate response thereto. 

The panel further includes a power standby switch 916 of 
conventional design, and an alarm indicator 918 which may be of the 
form previously discussed. 

In accordance with the invention, the microprocessor circuit is 
programmed to calculate the quantity Sa(> 2 , in accordance with the 
relationships discussed in U.S. Patent No. 4,407,290, issued to 
Wilber, and assigned to the assignee of the present application. 
These quantities are applied to the data bus, specially to data line 
DO, and directed serially to the drivers of the alphanumeric display 
550. In a preferred embodiment, e.g., the left-hand large digits of 
the display 550 display the current Sa0 2 level and the right-hand 
large digits display the calculated pulse rate. It is noted that 
these quantities are also available serially from the serial 
interface 440 of Pig. 3, for application to any other desired 
external equipment. 



902 , 904 , 906 , 908 , 910 , 912 , 914 and 915 are provided, corresponding 



In order to enable the setting of upper and lower limits 
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of Sa0 2 level and pulse rate, at which limits it is desired to 
provide a visual or audible alarm, the switches 900 r 902, 904 and 
906, corresponding to the high limit of the pulse rate, the low limit 
of the pulse rate, the high limit of Sa0 2 , the low limit of SaO^ 
respectively, have upper switch positions which, when depressed, 
raise the respective limit value and lower switch positions which, 
when depressed, lower the respective limit value. For example, the 
microprocessor may be responsive to depression of the upper portion 
of the switch 906 for raising the low limit of SaO^, and responsive 
to depression of the lower portion of the switch 906 for lowering the 
low limit of Sa0 2 - ^ e limits that have been selected may be 
visually observed on the display 550 in sets of three small digits 
located above the respective limit switches 900, 902, 904 and 906. 
When the measured quantities Sa0 2 or pulse rate exceed these high 
or low limits, the microprocessor provides an alarm signal, to 
energize one or more of the above-discussed alarms. 

In a preferred embodiment of the invention, the graphic display 
panel 554 is divided into two areas 920 and 922. The area 920, which 
constitutes a signal column or bar graph at the left side of the 
display, is a "perfusion" indicator. The microprocessor is 
programmed to display a vertical bar in the region 920 of the display 
554, having a height corresponding to the average intensity of the AC 
component of the signal. This display then enables the approximate 
visual determination of the amplitude of the AC signals. Xf the AC 
signals are too low, resulting in a low value or disappearance of the 
bar graph, it is 
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apparent to an observer that inadequate signals have been applied to 
the equipment to enable valid measurement. Accordingly, the observer 
may readily determine if the signal strength is adequate for valid 
measurements. It is of course apparent that other types of bar 
graphic displays may be employed for this purpose such as 
conventional bar graph indicators. The important aspect of this 
concept of indication, however, lies in the display of a quantity 
enabling determination by the observer of the amplitude of the AC 
components of the signal, in order to avoid reliance upon potentially 
inval id measur ements . 

The right-hand portion 922 of the graphic display, in accordance 
with the invention, forms a non-diagnostic plethysmography display. 
In accordance with the invention, the input signals are sampled 
thirty times a second (employing a 60 cycle power frequency) . The 
amplitude of the sensed signal is displayed each time at the 
left-hand column of the displayed area 922, with the display 
continually moving to the right upon reception of each new sample 
signal. Accordingly, the displayed area 922 clearly displays a 
moving plethysmography pattern similar to a non-diagnostic ERG, but 
which is not sufficiently accurate for diagnostic purposes. This 
non-diagnostic display serves the purpose of providing the observer 
with a further indication of other conditions that may render the 
oximeter reading invalid. For example, variations that may occur as 
a result of movement of the patient, coughing of the patient, etc., 
result in variations in the non-diagnostic display which are obvious 
upon observing the display portion 922, so that 
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measurements of Sa0 2 in the presence of such motion may be readily 
discarded by the observer as invalid. 

The graphic display in the display portion 922 may be effected 
by conventional techniques , with the amplitude of the bar in each 
column being displaced to the next column to the right upon receipt 
of each new signal. It is of course apparent that this portion of 
the display may alternatively be fabricated of a series of 
conventional bar graph displays assembled side by side. 

The plethysmographic display produced in the display portion 922 
is of a shape similar to that of the conventional non-diagnostic EKG 
employed medically, e.g., in operating rooms. This similarity 
enables the interpretation of the plethysmographic display without 
difficulty by those familiar with non-diagnostic EKG displays. It 
has not heretofore been realized that the validity of oximeter 
readings may be impaired by patient movement, coughing or the like. 
The display in accordance with the invention enables determination of 
reading validity without difficulty and facilitates the acceptance of 
only valid data. Prior art devices neither recognized the presence 
of invalid data nor provided a manner for ignoring such data. 

In operation, the probe 100 is placed in a measuring position 
against living tissue, such as a finger or ear lobe. The program of 
the system selectively energizes the red and infra-red USDs 101, 102 
at different times, the digital-to-analog converters 254, 256 
controlling the intensity of energization in 
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order to ensure that the emitted light is within a permissable range 
allowing satisfactory sensing of signals by the photosensing diode 
103. The value of the resistor 104 is sensed in order to provide 
data for the microprocessor so that the characteristics of the probe 
are taken into consideration in the calculations. 

The sequencing of the energization of the red and infra-red LEDs 
may be effected, for example, by energizing them one after the other, 
followed by a period during which both of them are dark. The dark 
period enables establishment of the ambient conditions, so that the 
effect of such ambient conditions may be removed from the measurement 
results. 

The gains of the variable gain amplifiers 152 and 190 are 
controlled by the multiplexers 158 and 210, as above discussed. 
Thus, signals corresponding to the AC and DC quantities at each 
wavelength are applied to the multiplexer 202. The multiplexers 260 
and 262, whose outputs are also applied to the multiplexer 202, 
enable determination by the microprocessor of the current intensity 
level of the respective LEDs. Since the multiplexer 202 is 
controlled by the digital control circuit of Fig. 3, by way of the 
latches 426, it is apparent that the program of the microprocessor 
may select these signals for processing in any desired sequence. The 
analog-to-dig ital converter 2 96 converts the measured analog signals 
to digital form for processing in the microprocessor. 

The timing circuits of Fig. 2, controlling various multiplexers 
of the analog circuit of Fig. 1, follow a sequence 
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determined by the ROM 20 8 r the timing control signals being 
synchronized with the system clocks of the digital circuitry* Since 
it is desirable to perform certain functions, such as those performed 
by the sample-and-hold circuits 200 r in synchronization with the 
power frequency in order to avoid inter ference, the timing circuit of 
Fig. 2 has an input to the divider. 204, ensuring such timing of the 
control of the sample-and-hold circuits* 

The actual calculations, employing the alogorithms disclosed by 
Wilber for determination of Sa0 2 , are effected by the program of 
the microprocessor, which is stored in the ROMs 406 and 408. The 
calculation quantities are applied by the program to the data bus for 
direction to the display panel and the serial interface. The program 
of the microprocessor receives the digital output signals of the 
analog— to-digital converter 296 on 12 bits of the data bus for 
processing* The control signals for the gain control of variable 
gain amplifiers 156 and 190 by multiplexers 158 and 210, as well as 
for the multiplexer 202, are also derived from the data bus. 

The program of the processor effects normalization of the AC 
signals by taking the ratios ACj/DC^ where i » 1 to n, and n is 
the number of wavelengths used. 



The energization of the LEDs may be effected at the rate 
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disclosed in the Wilber patent, preferably employing only one dark 
time for each cycle. 

While the invention has been disclosed and described with 
reference to a single embodiment thereof , it will be apparent that 
variations and modifications may be made therein by those skilled in 
the art. 



• 



- 18 - 



0194105 



CLAIMS 

1. An oximeter including probe means 100 having 
light-emitting means 101 , 102 for transmitting light of at least two 
different wavelengths through blood-containing tissue, sensing means 
103 for transducing said transmitted light into signals, means for 
producing a plurality of signals corresponding to the attenuation of 
said transmitted light at the different wavelengths, said plurality 
of signals comprising DC and AC component signals, and data 
processing means responsive to said signals for determining the 
oxygen saturation Sa0 2 in said tissue is characterized in that said 
oximeter further comprises variable drive control means 254 , 256 for 
controlling said light-emitting means 101, 102 to optimize analog-to 
digital conversion and assure sufficient light emission, said 
signal-producing means comprising variable gain amplifier means 152 , 
190 for applying said signals to said data processing means, and said 
data processing means comprising means 158, 210 for controlling the 
gain of said variable gain amplifier means 152 , 190 and means for 
normalizing said AC signals developed from each of said different 
wavelengths by computing the ratio of said AC signal amplitude at a 
predetermined phase angle to said DC signal amplitude for each 
wavelength* 

2. An oximeter as claimed in claim l r characterized in that 
said variable gain amplifier means comprises a first variable gain 
amplifier 152 connected to be controlled in gain by said data 
processing means 150, 154 r 156 applying said signals from said 
sensing means 103 to said first 
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variable gain amplifier 152 , means connected to the output of said 
first variable gain amplifier 152 for separating the DC and AC 
components thereof, a second variable gain amplifier 190 connected to 
receive the AC output of said first variable gain amplifier 152 , said 
data processing means 210, 212 controlling the gain of said second 
variable gain amplifier 190. 

3. An oximeter including probe means 100 having means for 
transmitting light of at least two different wavelengths through 
blood-containing tissue, sensing means 103 for transducing said 
transmitted light into signals, means for producing a plurality of 
signals corresponding to the attenuation of said transmitted light at 
the different wavelengths, data processing means responsive to said 
signals for determining the oxygen saturation Sa0 2 of blood in said 
tissue, and a power supply for said oximeter adapted to convert power 
at a power supply frequency? is characterised in that said means for 
producing a plurality of signals comprises means for sampling said 
signals at a sampling frequency and means for adjusting said sampling 
frequency to maintain an integer ratio between said power supply 
frequency and said sampling frequency such that sampling occurs at a 
substantially constant phase angle within the power supply waveform. 

4. An oximeter as claimed in claim 3 characterised in that 
said means for adjusting said sampling frequency further comprises 
means for determining the power source frequency and means 500, 502, 
504 and 506 for producing sampling control signals for controlling 
said sampling in dependence on said power source frequency. 
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5. An oximeter including means for transmitting light of at 
least two different wavelengths through blood-containing tissue/ 
sensing means 103 for transducing said transmitted light of said 
different wavelength into signals r means producing a plurality of 
signals corresponding to the attenuation of said transmitted light at 
the different wavelengths r data processing means responsive to said 
signals for determining the oxygen saturation level Sa<> 2 of blood 
in said tissue, and display means for displaying said oxygen 
saturation level? is characterised in that said display means further 
comprises a matrix display 554 , said data processing means comprising 
means for applying signals to said matrix display for displaying a 
plethysmography waveform* 

6. An oximeter as claimed in claim 5 r characte rised in that 
said data processing means further comprises means for controlling 
said matrix display 554 also to display thereon a bar having an 
amplitude corresponding to the average amplitude of the AC component 
of said signals. 
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